Introduction
One of the main challenges of ecology is to clarify the role of parasites in the host's population dynamics (Begon et al., 2007) . The relationship between fish and parasites in the natural environment is an important tool for the understanding of pathologies occurring in hosts, and are also relevant to pisciculture (Tavares-Dias et al., 2000) . Aquatic environments facilitate reproduction, dispersion and survival of parasitic organisms (Malta, 1984) . Direct effects, such as host impairment, can induce indirect consequences such as reduction in foraging rate (Crowden & Broom, 1980; Milinski, 1984) , greater vulnerability to predators (Arme & Owen, 1967) and decreased resistance to environmental stress (Lewis & Hettler, 1968) . The relative condition factor (Kn) is a quantitative indicator of fish well-being, therefore the analysis of its variability between populations and individuals can show the effects of parasitisation (Ranzani-Paiva et al., 2000) . Many studies on the biology of endoparasites have been conducted in Osteichthyes. However, little information is available on the infestation levels and modes of transmission of crustacean ectoparasites in natural conditions (Szalai & Dick, 1991) . Most studies on branchiuran crustacean ectoparasites published in South America are related to taxonomy (Malta, 1982a; Tanaka, 2000) . The Branchiura is a small group of ectoparasites, comprising a single family (Argulidae), with only four genera, i.e., Argulus, Dolops, Dipteropeltis, and Chonopeltis. Are commonly known as fish lice and are characterized by their dorsoventrally flattened bodies, which are covered by a horseshoeshaped dorsal cephalic shield formed by the carapace lobes. Its posterolateral lobes extend over the four pairs of thoracic biramous legs to a greater or lesser extend depending on the species. Five pairs of cephalic appendages occur ventrally, i.e., antennulae (absent or reduced in Chonopeltis), antennae, mandibles, maxillulae, and maxillae. The antennulae bear a small hook terminally. There are approximately 210 species (Moller et al., 2007) . They are all parasites of fishes but on rare occasion have been reported from alligators (Ringuelet, 1943) , tadpoles (Stuhlmann, 1891; Wolfe et al., 2001) , and salamanders (Poly, 2003) . Dipteropeltis was described in 1912 (Calman, 1912) and since its description, a limited number of reports appeared sporadically. Information on this genus is therefore very limited. The adults range between 5 and 15 mm in size although Dipteropeltis may reach up to 30 mm (Piasecki & Oldewage, 1992) .The transmission is direct and the parasites actively swim to find a host in which they will be fixed to its body surface (Malta & Varella, 1983) .The fish ectoparasites Branchiura (Crustacea) display two different ways of attachment to the fish surface as adults: the first maxillae are either hooks (Dolops) or suction discs (Argulus, Chonopeltis, and Dipteropeltis) (Moller et al., 2008) . According to Piasecki & Oldewage (1992) , the maxillulae are transformed into powerful suckers in the adults and are utilized to attach to their hosts except in Dolops, where the maxillulae bear strong hooks that penetrate the host for attachment. In general, the infestation results in ulcerous lesions that allow secondary infections by fungi, viruses, and bacteria (Thatcher, 2006) . Species of Serrasalmidae are among the main predators that thrive in Neotropical freshwater ecosystems (Almeida et al., 1998) . Piranhas represent a large percentage of the number of individuals and the total biomass of Osteichthyes where they live (Mago-Leccia, 1970) . Because of that, many studies have been conducted on the interaction between piranhas and their crustacean ectoparasites (Malta, 1982b; Malta & Varella, 1983; Carvalho et al., 2003) . 
Material and Methods

Study site
Located in western Brazil, the Pantanal is the largest continuous freshwater floodplain in the world (Silva & Abdon, 1998) . Collections were made in the upper Paraguay River basin, Northern Pantanal, Cáceres municipality, Mato Grosso State, Brazil. Two bays were sampled: upper Caiçara Bay (UCB) and lower Caiçara Bay (LCB), located on the south east bank of the Paraguay River, between coordinates 16°05'02.8"S 57°44'22.7"W and 16°06'41.9"S 57°45'14.6"W (Fig. 1) .
Sampling and data analysis
Monthly collections were performed during a hydrological cycle from May 2008 to April 2009. Collections were made only during the day and the piranhas were captured in six different points (UCB: P1, P2, P3; LCB: P4, P5, P6) and in two microhabitats: margin and middle, of both bays (Fig.1) . Weight, standard length and gender of the hosts were recorded. Necropsy of the hosts, collection, conservation and preparation of ectoparasites were performed according to the method of Malta (1982a) . The standard length (Ls) and total weight (Wt) of each host were adjusted to the Wt/Ls relationship curve (Wt = a.Lt b ), given the estimated values of the regression coefficients a and b. The variables a and b were used to estimate the expected weight (We), using the equation: We = a.Lt b . The relative condition factor (Kn) was calculated, according to the quotient between observed weight and expected weight for a given length (Kn = Wt / We) (Le Cren, 1951) . The MannWhitney test (U) was used to determine differences in Kn between parasitized and non-parasitized (Zar, 1996) . To eliminate the interference of gonadal weight on the Kn, the infected and uninfected hosts were divided into two groups: maturematuration and rest-depleted-immature.Spearman's rank correlation coefficient (rs) was used to assess possible correlations between Kn and intensity of infestation, as well as intensity of infestation and host length (Zar, 1996) . The KruskalWallis test (H) was applied to compare mean intensity values of branchiuran species between hosts. In order to compare the frequency of branchiuran species according to attachment sites on hosts, the Independence Test of Chi-square (χ 2 ) was used on the data in a contingency table. The statistical significance level adopted was 0.05. The prevalence, mean intensity, abundance and amplitude of infestation concepts were used according to Bush et al. (1997) maculatus. Dolops bidentata showed the highest prevalence in P. nattereri (male and female) during drought (April-September) and the rainy season (October-March), in two bays. A. multicolor and A. chicomendesi had the lowest prevalence during the dry period and did not occur during the rainy season, in two bays. The prevalence rates of infestation are shown in Table1.
During the study period, in dry season, there was a greater mean intensity infestation and abundance by Dolops bidentata on Pygocentrus nattereri (male and female). The lowest values were recorded by Argulus multicolor and A. chicomendesi on three host species. No specimen from A. multicolor was found parasitizing S. maculatus (male and female), in this climatic station. (Table 2. ). In the rainy season there was no record of any specimen of A. multicolor and A. chicomendesi in males and females for the three host species. During the rainy season one specimen of D. bidentata and one Dolops sp. parasitizing S. marginatus were found. Parasitological rates of the Branchiura species parasitizing P. nattereri, S. maculatus, and S. marginatus (male and female) are shown in Table 3 .
In the dry climatic station, the average rate of oxygen dissolved in water was 6.4 mg / l (range: 4.64 -7.84 mg / l) and the rainy season the average was 3.5 mg / l (range: 0.94 -5.62 mg/l).There was a significant difference between Kn of parasitized and non-parasitized P. nattereri (Z[U] = 1.72; p = 0.042) and S. maculatus (Z[U] = 8.08 ; p = 0.001). There was no significant difference in S. marginatus (Z[U] = 0.02 ; p = 0.492) (Fig. 2) .
In addition, there was no strong relationship between Kn and infestation intensity by Branchiura in all three piranha species (P. nattereri: rs = 0.152; p = 0.129, S. maculatus: rs = 0.19; p = 0.231 and S. marginatus: rs = 0.52; p = 0.121). The correlation between the length of hosts and infestation intensity by Branchiura was not significant (P. nattereri: rs = -0.0313 and p = 0.62; S. maculatus: rs = -0.060 and p = 0.64; S. marginatus: rs = 0.286 and p = 0.21) (Fig. 3) .
The Kruskal-Wallis test (H) did not show significant differences in the mean intensity values between Branchiura species and host species (H = 6.6; p = 0.085). However, the frequency of species of Branchiura attached in different sites of hosts showed considerable variation (χ 2 = 27.62; p = 0.0062). The highest infestation rate was recorded in the peri-opercular region, pectoral and pelvic fins.
Discussion
Branchiura are fish ectoparasites. They attach themselves to the body surface, fin base, branchial and mouth cavities of their hosts (Castro, 1950; Yamaguti, 1963; Malta, 1982a, b) . Attachment to the host is facilitated by suckers or hooks on the maxillulae as well as the hooks on the antennulae (Piasecki & Oldewage, 1992) .In this study, six Branchiura species: Dolops bidentata, D. longicauda, Dolops sp., Argulus multicolor, A. chicomendesi, and D. hirundo, were recorded for the first time parasitizing three species of piranhas, Pygocentrus nattereri, Serrasalmus maculatus and S. marginatus captured in the upper Paraguay river. Dolops longicauda was not considered for statistical purposes because there was only one specimen (female, whose body was full of eggs).The first record of D. longicauda in the Paraguay River was near Cáceres (Moreira, 1913 (Carvalho et al., 2003) and was found in the Lower Caiçara Bay in only one sample (female, without eggs in the thorax), being insufficient in number for further exploration of the species. Argulus multicolor was recorded in the Kuluene and Xingu rivers in Mato Grosso state (Castro, 1949) . Argulus chicomendesi was first collected in Janauacá Lake, on the southeast bank of the Solimões River bank in Amazonas state (Malta & Varella, 2000) . Also in this study, it was recorded for the first time A. chicomendesi parasitizing fish in Mato Grosso state.The infestation showed a seasonal pattern with a high prevalence of D. bidentata and Dolops sp. in the dry season (April-September) on P. nattereri and S. maculatus. This occurred when ideal conditions prevailed with high dissolved oxygen concentrations in the water and when hosts species were more abundant. There was no synchronization between the reproductive period of hosts. Reproduction of piranhas occurred during the rainy station and Branchiura in the dry station. One factor likely to affect the dynamics of infestation for Branchiura in hosts may be the reproductive hormonal influence. Thomas (1964) and Pennycuick (1971) suggested that the low incidence of parasites during the spawning fish, which coincided with the period of rainfall, may be due to the presence of estrogen, a hormone that appears in the blood of the fish during maturation. After spawning, this hormone decreases, and the opposite effect happens. In the same context, William (1965) noted that Calicotyle kroyeri (Trematoda: Monogenea) was never present in pregnant Raja radiata (Rajiformes: Rajidae), while the non-pregnant females showed this parasite. Is it speculated that with the decrease of water in the bays concentrated the host and therefore increased habitat availability (host body) for attaching Branchiura. Poor health, decreased reproductive efficiency and feeding conversion are among the negative effects on hosts (Bauer, 1961) . However, the effects that pathogenic agents have on fish are difficult to assess or quantify, especially in natural conditions (Chubb, 1973) . According to Le Cren (1951), the condition factor is a quantitative indicator of fish fitness, reflecting recent feeding conditions and is obtained using the weight-length relation of the individual. According to Brasil-Sato & Pavanelli (1999) and Lizama et al. (2006) , the relative condition factor can be used as a tool for studies of the relationship between the host's health and level of parasitism. In this study Pygocentrus nattereri and Serrasalmus maculatus show significant differences in condition factor between parasitized and non-parasitized fish. However, S. marginatus (parasited or not) showed better body condition compared to P. nattereri and S. maculatus, suggesting better adaptation to the actions of Branchiura species. Normally endoparasites reach their hosts through feeding, while ectoparasites find a host through their ability to swim during their juvenile stages or through their close proximity to their hosts (Begon et al., 2007) . For many organisms, life in groups can be an advantage, reducing predation risk and improving foraging capacity (Wilson, 2000) . However, there is greater risk of exposure to parasites given the close proximity of individuals (Alcock, 2001) .This is especially true for fishes that swim in schools (Poulin, 1991) . In the Cuiabá River, in the Pantanal of Mato Grosso, a study was carried out using underwater observations. The authors registered P. nattereri swimming in schools of 20 to 30 individuals and S. spilopleura (= Serrasalmus maculatus in Paraguay River) in schools of up to 20 fish (Sazima & Machado, 1990) . Pygocentrus nattereri and S. spilopleura (= Serrasalmus maculatus in Paraguay River) are sympatric species (Behr & Signor, 2008) . The gregarious or solitary behaviors were the main factors determining the structure of the parasites infra-communities in S. spilopleura (= Serrasalmus maculatus in Paraguay River), a gregarious species, and S. marginatus, a non-gregarious species (Tanaka, 2000) . Gregarious habits, size of schools and sympatry are facilitating factors in parasitic transmission of ectoparasites in fish with gregarious behavior. These factors may help to explain the highest incidences of branchiuran species in P. nattereri and S. maculatus. Serrasalmus marginatus is a territorial species and patrols feeding sites in areas of 3 to 4 m 2 (Sazima & Machado, 1990) . They show lower prevalence, possibly due to the fact that they do not show gregarious behavior and are territorials. In addition, some ectoparasite species are found in greater quantities on larger fish. This indicates that the parasite burden can vary in proportion related to the age and size of the hosts, given the longer exposure period and larger surface area for parasitic aggregation (Cloutman & Becker, 1977; Hanek & Fernando, 1978; Poulin, 1991) . In P. nattereri, S. spilopleura (= Serrasalmus maculatus in Paraguay River) and S. marginatus captured in Miranda River, Pantanal of Mato Grosso do Sul, the correlation between body length and the incidence of ectoparasites was not significant (Carvalho et al., 2003) . Avenant & Van As (1985) reported that the occurrence of Dolops ranarun is linked to the distribution of the two major hosts, Oreochromis mossambicus (Perciformes: Cichlidae) and Clarias gariepinus (Siluriformes: Clariidae). In this study, the correlation between size of the fish and intensity of infestation was not significant in fish from the UCB and LCB. Parasitic species generally select special microhabitats or tissues to attach to, suggesting a wide opportunity of differentiation of niches (Begon et al., 2007) . The transmission of argulids is direct since they actively swim to find a host to attach to. They can leave the host at any time and move to another fish. They can also slide over the surface of the fish in order to find an appropriate site for feeding (Thatcher, 2006) . The largest number of branchiuran individuals was found in the ventral body area of P. nattereri (Sazima & Machado, 1990) . In this study, the cranio-ventral area (gullet region which incorporates pectoral and pelvic fins) and the peri-opercular area were the sites where most Branchiura occurred in the three host species. Barnard (1955) reported the presence of Dolops ranarum in the mouth cavity and gill chamber of O. mossambicus. Analysis of attachment site preference of crustacean ectoparasites was carried out by Bulow et al. (1979) for the copepod Lernaea cyprinacea Linnaeus on stream fish. These authors divided the body into different regions and found that L. cyprinacea preferred sheltered areas for attachment. Kruger et al. (1983) investigated site selection of the branchiuran Argulus japonicus and also divided the body into different regions. These authors did not find any distinct pattern as to site selection on the body of host fish. Avenant & Van As (1985) evaluated the preference of attachment site of D. ranarum from information collected at various localities during winter, spring and summer and no significant pattern related to location or season could be observed concerning site selection on any of different host fish. According to Fryer (1968) , D. ranarum shows a distinct preference for the buccal cavity and its extensions on scaled fish, but is also found on the skin of smooth-skinned fish. This study demonstrates that behavior of the hosts can influence, directly or indirectly, the structure of Branchiura community. However, it is still important to assess if reproductive factors, as well as environmental factors controlling changes in flooding basin of the Paraguay River, also influence host-parasite relationships.
